Aims-To evaluate the mitochondrial res-
(Br_J Ophthalmol 1996; 80: 78-8 1)
Leber's hereditary optic neuropathy (LHON) is a maternally inherited disease causing acute or subacute visual loss predominantly in young men. A point mutation at nucleotide position 11778 of mitochondrial DNA (mtDNA) that alters a highly conserved amino acid from arginine to histidine in subunit 4 (ND4) of complex I of the respiratory chain was discovered by Wallace and colleagues in patients with LHON.1 Several other mutations have since been reported to be associated with LHON.2-13 None of them occurs in the same gene affecting ND4, and most such mutations affect other subunits of the same complex in the respiratory chain.
Human mtDNA contains genes coding for 2 rRNA, 22 tRNA, and 13 polypeptides that are involved in mitochondrial respiration and oxidative phosphorylation (OXPHOS).14 The OXPHOS system contains five enzyme complexes located in the mitochondrial inner membrane, the biogenesis of which is controlled by both nuclear and mitochondrial genomes. Complexes I, II, III, and IV comprise the chain of electron transport according to which NADH and succinate become oxidised, respectively, and an electrochemical potential of proton gradient is concurrently generated across the mitochondrial inner membrane.15
Complex V utilises this potential energy to condense ADP and inorganic phosphate into ATP (Fig 1) . 16 Among 60 or more polypeptides comprising the OXPHOS system of animal and human cells, 13 are encoded with mtDNA.17
These include seven subunits of complex I (NADH-ubiquinone oxidoreductase), one subunit of complex III (ubiquinol-cytochrome c oxidoreductase), three subunits of complex IV (cytochrome c oxidase), and two subunits of complex V (ATP synthase). The [20 mM Tris-HCl, 1 mM EDTA (ethylenediaminetetra-acetic acid), pH 8.0] and then centrifuged for 1 minute at 13 000Xg. The supernatant was discarded. The pellet was homogenised in a buffer containing 0-25 M sucrose, 0 5 mM EDTA, and 3 mM HEPES, at pH 7-2 (SEH buffer). The homogenate was subjected to centrifugation at 800Xg for 10 minutes and the supernatant centrifuged at 10000xg for 10 minutes. The pellet, enriched with mitochondria, was suspended in a minimal volume of SEH buffer. After freeze thawing, the mitochondrial suspension was used for assay of respiratory enzyme activity.
ASSAY OF ELECTRON TRANSPORT ACTIVITIES
The electron transport activities of various respiratory enzyme complexes were determined according to methods described previously.25 26 NADH-cytochrome c reductase activity was measured by following the reduction of exogenous oxidised cytochrome c at 550 nm with a spectrophotometer after addition of a suitable volume of mitochondrial suspension to the assay mixture. The assay mixture in 1 ml of total volume contained 50 RM cytochrome c, 15 mM KCN, 100 ,uM I NADH (freshly prepared), and 50 mM K2HPO4 (pH 7.4). The reaction was initiated by the addition of 10-20 RI mitochondrial suspension (protein concentration 3-5 mg/ml).
The activity of succinate-cytochrome c reductase was assayed by following the reduction of exogenous oxidised cytochrome c at 550 nm with a spectrophotometer. The assay mixture in 1 ml contained the following: 50 ptM cytochrome c, 1 5 mM KCN, 20 mM succinate, and 40 mM K2HPO4 (pH 7.4). An aliquot of [15] [16] [17] [18] [19] [20] [lI mitochondrial suspension was pre-incubated at 37°C for 30 minutes with the assay mixture that contained no cytochrome c. Enzyme reaction was initiated on addition of cytochrome c and absorbance increase at 550 nm was recorded for 3 minutes.
The activity of cytochrome c oxidase was determined by following the oxidation of exogenously reduced cytochrome c at 550 nm with a spectrophotometer. The assay mixture was pre-incubated at 30°C for 30 minutes, and combined with reduced cytochrome c and 10-15 ,ul of mitochondrial suspension. The assay mixture in 1 ml of total volume contained 0.45 mM reduced cytochrome c and 75 mM K2HPO4 (pH 7.4). The reaction was initiated on addition of mitochondrial suspension (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) RI').
Reduced cytochrome c was prepared by mixing an aliquot (5-10 ml) of 1 mM oxidised cytochrome c with excess sodium dithionite at 4°C for 5 minutes. After reduction, the mixture was applied to a Sephadex G-25 column (1.5 X45 cm2) to separate reduced cytochrome c from sodium dithionite. The ratio A550mn/ A565., of reduced cytochrome c was expected to exceed 6-0. When A550.,, equals 0'83, the concentration of cytochrome c is 0 045 mM.
The concentration of protein in the mitochondrial suspension was determined by a modified Lowry method. 27
Results Tables 1 and 2 show the activities of electron transport of blood cell mitochondria of all patients and normal controls.
The mean (SD) activities-of NADHcytochrome c reductase, succinate-cytochrome c reductase, and cytochrome c oxidase in LHON patients with mtDNA 11778 point mutation were 134-65 (24-09), 38-03 (5-82), and 16 11 (2-86) nmol/min/mg, respectively. The mean activities of NADH-cytochrome c reductase, succinate-cytochrome c reductase, and cytochrome c oxidase in normal controls were 134-28 (58-31), 19-29 (8.12), and Yen, Lee, Liu, Wei Nuclearly encoded factors modifying mtDNA expression may be necessary for phenotypic expression of LHON. The male predominance of LHON may be explained by a nuclear modifying factor or a regulatory gene on the X chromosome. Leber's optic atrophy is linked to a factor on the proximal short arm of the X chromosome near the DXS7 locus, 3' but no further confirmation of linkage has been made. Other authors refuted the X linked factor, both by linkage and pedigree modelling. [32] [33] [34] [35] [36] It is important to state that, as data reported in this and all previously published papers were obtained from non-optic nerve tissues or cells, these data should be considered as only indirect evaluation of mitochondrial respira- 
